Abstract-In spite of the increasing awareness apparent in the literature regarding the selection of sustainable suppliers, there are limitations in incorporating the sustainable performance in terms of traditional, environmental and social aspects in supplier selection and order allocation. Thus, an integrated fuzzy TOPSIS-multi objective optimization (MOO) approach was developed to integrate sustainable performance into the evaluation and ranking of two-stage supplier selection in conjunction with the optimal order allocation in a meat supply chain. The sustainable performance of suppliers based on traditional, environmental and social criteria was evaluated by using fuzzy TOPSIS. The optimal quantity of products to be ordered from each supplier was determined through a development of multi-objective optimization model. To obtain a set of Pareto solutions derived from the multiobjective optimization model, the LP-metrics method was employed. The quality of the obtained Pareto solutions was evaluated using the global criterion approach aiming to select the final Pareto solution. To examine the applicability of the developed integrated fuzzy TOPSIS-multi-objective approach, a case study was applied.
I. INTRODUCTION
Supply chain management includes all the operations related to the flow of merchandises and services from the source point to the usage point [1] . Boran [2] argued that supply chain management aims at decreasing production risks and production costs, increasing total income, managing inventory levels, fulfilling customer demands and business activities and maintaining a successful business competitiveness. Supplier selection and order allocation is a main key factor in implementing a robust supply chain management [3] . This is based on the fact that firms depend more on suppliers to obtain a costeffective product quality. Furthermore, purchasing activity is one of the main task for enterprises since its costs represents more than 50% of all enterprises internal costs [4] . Supplier selection and order allocation can be defined as the activity of selecting the best suppliers and allocating the optimal quantity of products to be purchased among them for obtaining a stabilized environment of competitiveness [5] . A sustainable supply chain management is a new pattern that has been emerging recently in industries and enterprises [6] . It makes a significant influence on supply chain performance in the economic, environmental and social aspects. This new pattern increases the challenges for a decision maker in selecting the sustainable suppliers in which takin into account traditional (e.g., economic), environmental and social aspects.
Arguably, sustainability of a supply chain depends mainly on the purchasing strategy of the supply chain partners.
Food sector is increasingly gaining an importance in today's global business particularly as the global demand of food may be doubled by 2050. Food supply chains have some unique characteristics such as the freshness and safety of products e.g. vegetables and processed food products [7] . This adds a new significant criterion to decision makers to consider in selecting the best supplier.
Considering the complex multi-criteria nature of supplier selection and order allocation problem, multicriteria decision making (MCDM) usage has become a fruitful in this field of research. These techniques lead decision makers to thoroughly obtain compromised solutions among conflicting criteria when evaluating and selecting suppliers. Bottani [8] used fuzzy analytical hierarchic process (AHP) to solve a supplier selection problem in an e-procurement environment. Chen [9] used The Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) for proposing an approach used for handling supplier selection problem. Roshandel [10] employed fuzzy hierarchical TOPSIS for ranking suppliers in detergent production sector. Junior [11] compared the performance of fuzzy TOPSIS and fuzzy AHP in evaluating and ranking suppliers. Akman [12] suggested a two-step supplier assessment framework to evaluate green supplier. Kannan [13] investigated a green supplier selection problem in a plastic enterprise using a fuzzy axiomatic design approach. Hsu [14] employed a decision-making trial and evaluation laboratory approach to assign influential criteria of carbon management in green supply chains for improving the overall Proceedings of the 23rd International Conference on Automation & Computing, University of Huddersfield, Huddersfield, UK, 7-8 September 2017 performance of suppliers. Govindan [15] solved a supplier selection problem in a food supply chain using a hybrid approach that includes the revised Simos procedure, PROMETHEE methods for constructing a group compromise ranking, and robustness analysis.
This research presents a development of an integrated approach for solving a two-stage supplier selection and order allocation problem in a meat supply chain considering traditional, environmental and social aspects in addition to the travel time which is a main key factor for food quality. Supply chain managers may utilize the developed approach to rank the suppliers with respect to several sustainable criteria.
II. THE INTEGRATED FUZZY TOPSIS-MOO APPROACH
This work aims at solving a sustainable supplier selection and order allocation problem for a meat supply chain consists of sets of farms, abattoirs and retailers through a development of an integrated fuzzy TOPSISmulti-objective optimization approach. Fig.1 shows three sets of criteria used for evaluating the suppliers. Fuzzy TOPSIS was used for evaluating and ranking suppliers based on the criteria shown in Fig. 1 . A multi-objective model was developed for allocating the optimal quantity of livestock and meat packets to be purchased from each livestock and meat packets suppliers, respectively. Finally, global criterion approach was used to help the decision makers in determining the final Pareto solution derived from solving the multi-objective optimization problem.
A. Fuzzy TOPSIS
In this work, Fuzzy TOPSIS was used for ranking suppliers based on traditional, green and social criteria. Decision makers need to evaluate each potential supplier with respect to each criterion in each of the three sets of criteria (e.g. traditional, green and social). Fuzzy TOPSIS was implemented based on the following steps [16] : 
CC closeness coefficient
Step 1: The evaluation of criteria/sub-criteria and ranking of suppliers with respect to the criteria are performed. Table I and Table II present the linguistic variables used for evaluating the criteria and ranking the suppliers, respectively [17] .
Step 2: linguistic variables shown in Tables I and II were re-presented into the form of triangular fuzzy numbers. By using Eqs. 1 and 2, importance weights of criteria were determined.
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Step 3: the matrix of normalized triangular fuzzy number (M) as obtained as follows:
Step 4: the weighted normalized decision matrix (R) is obtained using Eq. 5. , 1, 2,3,..., , 1, 2, 3,...,
Where rij is obtained using the following equation:
Step 5: By using Eqs. 7 and 8, the fuzzy positive and negative ideal solutions are determined.
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Step 6: By using Eqs. 9 and 10, the distance of each supplier from the positive ideal solution ( i D + ) and the
Step 7: By using the values obtained using Eqs. 9 and 10, the closeness coefficient (CC) for each supplier is determined using Eq. 11. The supplier with the highest CC (varies between 0 and 1) is selected as the best alternative.
A multi-objective optimization model was developed to solve the order allocation problem for the supply chain under investigation in allocating the quantities of products (e.g., livestock and meat packets) to be ordered from each selected supplier (e.g. farms and abattoirs).
The objectives are minimization of the expected costs (F1), environmental impacts (F2) and travel time (F4) and maximization of social impacts (F3). This objective function aims at minimizing the sum of purchasing cost, administration cost (e.g. ordering and documentation) and transportation cost. Minimization of F1 can be expressed as follows: 
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Minimization of environmental impact (F2)
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Maximization of social impact (F3)
This objective function aims at maximizing the social impact of suppliers (e.g. farms and abattoirs). To this aim, Suppliers' weights in social criteria obtained by Fuzzy TOPSIS are employed as a coefficient for all livestock ordered from farm i to abattoir j and for all meat packets ordered from abattoir j to retailer k. Maximization of F3 can be expressed as follows: 3
Minimization of travel time (F4)
This objective function aims at minimizing the travel time of all livestock from farms to abattoirs and of all meat packets from abattoirs to retailers. Minimization of F4 can be expressed as follows:
  (15) Subject to: Supply capacity constraints These constraints ensure that all quantity of livestock ordered from supplier i and of meat packets ordered from supplier j should be equal to or less than the capacity of both farms and abattoirs. These constraints for both suppliers i and j can be expressed as follows:
Demand constraints These constraints ensure that the demands of abattoir j and retailer k are fulfilled from supplier i and supplier j, respectively. These constraints can be expressed as follows:
Non-negativity and binary constraints
These constraints ensure that (1) the quantity of all products throughout the meat supply chain are nonnegative; and (2) the decision variables ui and vj are binary. These constraints can be expressed as follows:
B. Solution approach
In this work, to obtain a set of Pareto solution based on the developed MOO model, the LP-metrics approach was used. Based on this approach, the aggregation formula is expressed as follows [18] The global criterion method was used for supporting decision makers in determining the final solution. This solution selects the final solution that reveals the shortest distance to the ideal solution ( * n F ) [19] . The decisionmaking formula is expressed as follows:
The solution that reveals a minimum distance (md) is selected as a final solution. Generally, ρ is 1; However, other values of ρ also can be used.
III. A CASE STUDY
Considering sustainability in evaluating and selecting suppliers represents one of the most important concerns in sustainable supply chain management. The case under study considers a supplier selection and order allocation problem in a meat supply chain in selecting the sustainable suppliers of livestock and meat packets. Table  III shows the input parameters utilized for applying the case study. Parameters which are related to locations, demand and capacity of farms, abattoirs and retailers, were collected from the Meat Committee in the UK [20] . Transportation distances among livestock and meat packets suppliers and retailers were estimated using Google Map. The MOO problem was solved via LINGO 11 software running on a personal computer with a Corei5 2.7GHz processor and with 8GB RAM.
The developed fuzzy TOPSIS-MOO approach was applied as follows:
Step 1: To better define the criteria used for evaluating livestock and meat packets suppliers, 10 criteria in three dimensions were identified based on traditional, environmental and social aspects, as illustrated in Fig. 1 . As shown in Fig. 1 there are four traditional criteria, three green criteria and three social criteria.
Step 2: Fuzzy TOPSIS was applied for evaluating criteria and suppliers with respect to each criterion. The evaluation for both stages (e.g. livestock and meat packets suppliers) were based on the traditional (t), green (g) and social (s) criteria.
Step 2.1: The evaluation of criteria and suppliers were performed by two decision makers from an abattoir (Da1 and Da2) for evaluating three livestock suppliers (Sl1, Sl2, Sl3) and two decision makers from two retailers (Dr1 and Dr2) for evaluating three meat packets suppliers (Sm1, Sm2, Sm3).
Step 2.2: Linguistic terms that were used for evaluating the three sets of criteria and suppliers were re-represented into triangular fuzzy numbers. Tables IV and V Table VI shows the obtained results of livestock and meat packets suppliers. Based on the obtained results, the ranking of the three livestock suppliers is given as LS2>LS3>LS1 and is given as MS1>MS3>MS2 for the three meat packets suppliers. Subsequently, the results, revealed that livestock supplier two and meat packets supplier one are the best sustainable supplier.
Step 3: The multi-objective model was optimized using the LP-metrics approach to allocate the optimal order allocation for each livestock and meat packets suppliers and to obtain trade-offs (a set Pareto solutions) among the four objectives.
Step 3 among the four objectives. Thus, decision makers need to select one solution to allocate their orders from each supplier. To this aim, the global criterion approach was applied to select the final solution that leads to the minimum distance to its ideal solution. Accordingly, solution number 5 revealed the lowest value; thus, it is selected as the final solution since it led to the minimum distance to the ideal solutions (md = 0.608). Based on solution number 5, Table VIII shows the optimal quantity of livestock and meat packets that should be ordered from livestock and meat packets suppliers, respectively.
IV. CONCLUSION
This research presents a development of an integrated approach to solve a sustainable two-stage supplier selection and order allocation problem for a meat supply chain considering traditional, environmental and social criteria. The developed approach can be concluded in five steps: sub-criteria for traditional, environmental and social criteria were identified in the first step. In the second step, fuzzy TOPSIS was used for ranking the suppliers based on the identified sub-criteria. In the third step, a multiobjective optimization model was developed for obtaining the optimal solutions of order allocation in quantity. The objectives are minimizing the expected costs of transportation, purchasing and administration, the environmental impact (particularly, CO2 emissions) and the travel time of products and maximizing the social impact. In the fourth step, LP-metrics approach was used to reveal a set of Pareto solutions based on the developed multi-objective optimization model and the final solution was determined by using the global criterion approach in the fifth step. The obtained sustainable supplier selection and order allocation shows that the developed fuzzy TOPSIS-multi-objective approach can be used as a reference for supply chain managers in evaluating the sustainable performance of the potential suppliers and ordering the optimal quantity of products from each supplier with respect to a trade-off among conflicting objectives.
